Reading to Young Children: A Head-Start in Life? * This paper investigates the importance of parents reading to their young children. Using Australian data we find that parental reading to children at age 4 to 5 has positive and significant effects on reading skills and cognitive skills of these children at least up to age 10 or 11. Our findings are robust to a wide range of sensitivity analyses.
Introduction
The cognitive and non-cognitive development of young children is important from an economic perspective because of their effects on economic productivity later-on in life (Heckman and Masterov, 2007) . Cognitive skills are an important determinant in explaining socio-economic success in terms of schooling, wages and quality of jobs. Such skills are influenced by preschool training, education at school but also by parental efforts. Cunha and Heckman (2008) for example use data from the U.S. National Longitudinal Survey of Youth (1979) to establish the importance of parental investments in raising skills of their children and thus success later on in life. As measures of parental investments they consider the number of books available to the child, whether the child has a musical instrument, whether the family receives a daily newspaper, whether the child receives special lessons and whether the child goes to museums and the theater. They find that the most effective period for cognitive skills investments by parents is early on in the life of their children. Cunha et al. (2006) conclude from an overview of a large number of empirical studies that cognitive ability affects both the likelihood of acquiring advanced training and higher education, and the economic returns to those activities.
Stimulating the development of cognitive skills of young children seems to be beneficial to them later on in life. Several papers in the education literature have found a positive association of parents reading to their children and the child's subsequent reading skills, language skills and cognitive development. Parents reading to their children may stimulate these children to read books themselves and further develop their cognitive skills. 1 Our paper investigates the relationship between reading to children and the effects this has on reading skills and other cognitive skills of the child. Previous studies on this relationship do not distinguish the causal effect of reading to children on the reading skills of the child from simply an association between the two. It is not easy to make such a distinction as experimental data are usually not available, and to the extent that they are available they are mostly for small samples from specific sub-populations. In our paper we determine whether there is evidence for a causal effect from reading to children following two distinct econometric methods. The first approach uses a range of different instrumental variable model specifications. We use two 1 Parents may also stimulate reading by their children through buying children's books, taking them to public libraries, talking about reading, giving the example of reading, instruction, et cetera. Reading by children can also be influenced by governments and school teachers. Governments can stimulate book-reading through subsidies for libraries, tax concessions on the sale of (children's) books, and measures to increase the production of book titles (Canoy et al., 2006) . Schools and teachers can stimulate children to read by expanding the number of hours on literacy education or stimulate pupils' cultural interest. Plentiful availability of books in schools can also help.
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instrumental variables: whether the child is the oldest child in the family and the number of siblings in the family at the time of observing how much the child is read to. Both variables are associated with the time the parent has available for the child and thus affect the intensity with which children are being read to. The second approach uses propensity score matching, which relies on applying weights to the observations on children who are not read to or not read to so frequently to make this group as comparable as possible on all aspects to the families who read to their children more frequently.
Our identifying assumption in the instrumental variable approach is that birth order and family size do not have a direct effect on the child's inherent reading ability. This assumption is not uncontroversial. Using Norwegian data, Black et al. (2005) conclude that family size itself hardly has an effect on children's outcomes. However, birth order has. Higher birth order is found to have significant and large negative effects on children's education, adult earnings, employment and increases the probability of teenage childbearing. It is not clear what is causing these birth order effects. 2 There are a number of potential explanations such as a stopping rule or financial constraints, but Black et al. (2005) conclude that these do not seem to be very important.
3 Silles (2010) using data from the British National Child Development Study finds that in terms of test scores last-born initially have an advantage over older siblings but first-born ultimately outperform their younger siblings by the end of compulsory education.
A logical explanation for the birth order effect is time spent by parents with their children.
Previous papers have found a correlation of birth order and the time mothers spent reading to their child (e.g. Silinskas et al., 2010) . Price (2008) uses data from the American Time Use
Survey to investigate the relationship between birth order and time spent with parents. Parents seem to provide equal time to each child at each point in time which is beneficial to the oldest child since for some time this child is the sole beneficiary of parents' attention, i.e. parental investments. A second-born always has to share parental time with the first-born. According to
Price, in two-child families the first-born receives about 20 minutes of quality father-time and 25 minutes of quality mother-time more each day at each age than the second-born child does at 2 Although there is no genetic component to birth order, there may be biological differences since children of higher birth order have older mothers. However, conditional on the age of the mother this suggests there should be no birth order effects. Black et al. (2005) find that controlling for the age of the mother at birth and for birth characteristics, such as birth weight, increases the estimated birth order effect, suggesting that potential biological differences are actually working in the opposite direction. 3 The stopping rule is related to perceptions of parents on the optimal number of children in response to the "quality" of previous children. If a high quality child is born first, this may induce parents to have more children who may have a lower quality on average. If the first child is low quality, parents may stop at the first child. The financial constraints refer to the lower per capita budget in larger families available for investments in education.
4 the same age. The second-born child gets only slightly less total time with their parents but quality time, for example time spent reading to or with the child, is crowded out by other activities such as watching television. Price (2012) confirms this for children in two-child families where the oldest is read to more often than the younger child (ceteris paribus). He shows this affects their reading skills at different ages. We similarly argue that first-born children receive more attention from their parents and assume that there is no direct effect of birth order on reading skills but only through the time parents read to their children. Any birth-order effect that is found later on in life originates from the time allocation of the parents when the children were young. We investigate the possibility that this assumption is false in a number of sensitivity analyses in this paper.
The propensity score matching analysis relies on different identifying assumptions as the IV analysis. Therefore this approach is particularly suitable as an additional sensitivity analysis.
What is important in this approach is that there is common support, which means that amongst families where children are not being read to, there are a sufficient number of families who have relatively high predicted probabilities of reading to their children, and vice versa amongst families where children are being read to.
Our paper studies the effects of parental reading to children using Australian data. A major advantage of these Australian data is the high quality and diversity of the information that is collected: early reading skill is assessed at age 4 to 5 by the parents and care provider/preschool teacher separately, and information on reading skill is provided by the teacher at age 6 to 7 up to age 10 to 11. Furthermore, national reading test results at age 8 to 9 and cognitive skills test scores at ages 4 to 5, 6 to 7 and 8 to 9 are available. In addition to this, a broad range of other variables are available describing the household, the child and its childcare or school environment. Another advantage of the Australian data is its large sample size: two cohorts of around 4,000 children are followed for 8 years (at 2-yearly intervals) from age 4 to 5 and from age 0 to 1 respectively. We find that reading to children has positive effects on the reading skills of these children, even after allowing for the endogeneity of reading to children and after accounting for a wide range of personal and family characteristics.
Our contribution to the literature is threefold. First, although not conclusive, our results provide substantial support for a causal effect of reading to children on the reading skill of the child rather than establish a mere correlation. Second, we use a variety of measures of the reading skill of the child in addition to cognitive skill measures at different ages, as well as different methodologies. Third, since we can follow young children up to age 10 to 11, our data allow us to study persistence of the "reading to" effect.
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Our paper is set up as follows. In section 2 we discuss selected recent studies on the effects of reading to children. Section 3 presents the data. Section 4 explores the relationship between reading to children and reading skill of the child. Section 5 presents our baseline estimates and a wide range of sensitivity analyses using both instrumental variable and propensity score matching approaches. Section 6 concludes.
Previous studies on reading to children
We are interested in the early reading skills of children, in particular in the role that reading to children at a young age has in the development of these reading skills. Several studies in the education literature have investigated this issue.
There have been a few papers that ask a question similar to ours and even use similar information. For example, Raikes et al. (2006) study a sample of low-income families and find critical links between maternal bookreading and children's language and cognitive development at age 14, 24, and 36 months. Positive associations between bookreading and children's language and cognitive development were apparent around 36 months of age. The probability of mothers reading to their children daily depends among others on being first born and on maternal education. First-born children were more likely to be read to daily than were later-born children, possibly because the former had fewer competing demands for their time.
Boys were less likely to be read to daily than were girls, possibly because parents perceive boys as less verbal, more active, or harder to engage in reading activities. Even after controlling for a range of parent and child factors, concurrent reading (i.e. reading to the child in the current time period) is associated with child language. However, Raikes et al. (2006) are not concerned with confirming the actual causality of reading to a child, and stop at identifying the strong association. Bradley et al. (2001) investigate the differential effects of reading to children, finding that the effect of reading to 3-and 4-year-olds may be less strong in the absence of enriching out-of-home experiences than in the presence of such experiences. Parents from a higher social background engage children more in conversations, read to their children more, and provide more teaching experience. Despite this more in-depth analysis, again actual causality is not investigated.
Two other papers, Sénéchal and LeFevre (2002) and Kloosterman et al. (2011) , compare the effect of reading to children to other reading-related behavior, such as formal reading instruction and the parental reading example. The first paper examines informal and formal literacy activities at home. The primary goal of informal literacy activities is the message 6 contained in the print, not the print per se (parents reading a story to their children). If the parent talks about letters or provides the name and the sound of specific letters, there is a formal literacy activity. For children from middle-and upper-class homes in Canada, children's exposure to books at home played an important indirect role in the development of their reading skills, whereas, parents' reports of more formal teaching appear to have a more limited influence on the process of learning to read. The second paper analyzes a cohort of Dutch Children (PRIMA) who are followed from age 5 to 6 up to age 11 to 12. They investigate the effects of the parental reading example and parental reading guidance. Kloosterman et al. (2011) find that the parental reading example is most relevant for a child's language achievement in later grades whereas parental reading instruction, which includes reading to children, is beneficial for language performance at the start of children's primary schooling.
This positive effect remains as primary school continues. Again, neither of these two papers formally investigates causality of reading to children.
In fact, it seems that most previous papers have not tried to isolate the causal effect of reading to children, although Mol and Bus (2011) in their meta-analysis of print exposure from infancy to early adulthood indicate that there have been a few experimental and longitudinal studies which allow for stronger causal inference. The ideal way to investigate this is through an experiment where children are randomly read to or not. 4 Unfortunately, many experimental studies have been for small numbers of children only (up to 280 observations as reported in Manz et al., 2010) and are for specific subpopulations.
Three papers explicitly aim to estimate relationships that can be interpreted as causal effects of parents' reading behavior on children's outcomes. Using time-use data for parents and their 6-15 year old children, Mancini et al. (2011) investigate the effect of parent's reading behavior in the presence of their children (including a broad range of activities, such as studying and reading, helping with siblings' homework, and reading to siblings) on their children's reading behavior. They find long-run associations, comparing children's and parents' reading habits, and they find a short-run causal effect on reading by the child after exposure to parental reading.
The short-run effect is identified through child-specific exposure to reading by the parent within a family fixed-effect approach. The association can be interpreted as a causal effect under the assumption that any unobservable differences between siblings relevant to the propensity to 7 read are not related to differences in exposure to reading by the parent. This is equivalent to our assumption of reading skill not being directly affected by being the oldest child but only indirectly through the frequency of being read to, which is expected to be higher for the oldest child than for children down the birth order.
The second paper aiming to identify a causal effect is by Hale et al. (2011) who analyze the influence of having a language-based bed-time routine (reading a story, telling a story, praying, talking, singing, and/or playing a game) at age 3 on a range of outcomes at age 5. They use the National Child Development Study (NCDS), a British cohort study. To account for potential endogeneity of the bed-time routine they use propensity score matching. The study finds a positive effect of having a language-based bedtime routine on cognitive development, which remains after controlling for a wide range of variables and applying the propensity score matching approach. We use a similar approach in this paper, but extend the analysis by applying the alternative methodology of Instrumental Variables to address the potential endogeneity of reading to a child, and by investigating a very extensive range of reading-related skill measures as well as other cognitive skill measures.
The third and most recent paper (Price, 2012) uses intra-family differences in reading to children by birth order and birth spacing to estimate a causal effect of time spent reading to a child on the child's reading outcomes at different ages. 5 He focuses on families with two children. The advantage of this approach is that unobserved heterogeneity across families is taken into account, while using birth order and birth spacing as instruments circumvents the issue that mothers may spend more time reading to their child if it performs poorly at reading. In our paper, we only observe outcomes for one child per family but we aim to control for as much of the unobserved heterogeneity as is possible using our rich data, and in one of our sensitivity analyses we limit the sample of analysis to same-size families with two children.
Data -Australia's LSAC
The empirical analysis in our paper is based on data from Growing Up in Australia, the The unit of observation in LSAC is the so called "study child" i.e. the child who is being studied. Information about this child is collected from multiple sources: parents, childcare centers/home-based carers, pre-school/school teachers and the study children themselves.
LSAC collects data through various methods: parent's face-to-face interview, parent's self-completion questionnaires, time-use diaries, home/center-based carer's questionnaire, teacher's questionnaire, child assessments, and child self-report interview once they are 4-5 years old.
In measuring early reading skill, we draw from three questions asked to parents and the exact same questions asked to teachers or care providers in Wave 1 of the survey when the K-cohort is 4 to 5 years old. In considering reading skills, is this child
• Able to read simple words, e.g. dog, cat?
• Able to read complex words, e.g. table, orange?
• Able to read simple sentences, e.g. John is big?
The only difference between the question asked of teachers compared to that asked of parents is that the words "In considering reading skills, ..." are left out of the question to the parent. A score is constructed by assigning a value of 1 to each "yes" answer and 0 to each "no"
answer and adding the values for the three questions. This results in a score from 0 to 3.
Although the construction of this index for parents and teachers is to some extent arbitrary, we check this index against other reading skill measures observed at a later age and find clear correlations which are stronger for measures that are observed close in time. We also compare scores on each separate skill listed above and as expected, we find if the child has mastered the second or third skill, it will also have mastered the first skill, but not necessarily vice versa. The second and third skill are more different and cannot necessarily be ranked, so some children will have the second but not the third skill and vice versa.
In Wave 2, a more elaborate set of questions is asked to the teacher regarding the child's level of understanding with regard to language. Four of these questions relate directly to the 9 child's reading skill and are used here to construct an index. The relevant questions are -the study child reads:
• Words with regular vowel sounds, e.g. reads 'coat', 'junk', 'lent', 'chimp', 'halt' or 'bike'
• Words with irregular vowel sounds, e.g. reads 'through', 'point', 'enough' or 'shower'
• Age appropriate books independently with comprehension, e.g. reads most words correctly, answers questions about what was read, makes predictions while reading, and retells the story after reading
• Age appropriate books fluently, e.g. easily reads words in meaningful phrases rather than reading word by word
The answers that the teacher can give, include: 1 Not yet; 2 Beginning; 3 In progress; 4
Intermediate; 5 Proficient; -1 Not applicable. We recoded -1 to 0, and subtracted 1 from the other values before adding the observed values for the four questions. This results in a score between 0 and 16. Again, the construction of the index is to some extent arbitrary but the measure can be compared to the other measures which are available.
Our key explanatory variable is the intensity with which the child is being read to by adults.
Similar to the reading skill variable, this is measured in different ways and in different waves.
One variable reports the average number of days per week that the child is read to by anyone in the household and by the second parent. The corresponding question is: "In the past week, on how many days have you or someone in your family done the following with child? Read to child from a book?", to which the following answers could be given: 0 None; 1 1 or 2 days; 2 3-5 days; 3 Every day (6-7 days). In Wave 1, Parent 2 was also asked "In the past week, on how many days have you personally done the following activities with the study child? Read to this child from a book?", to which the same answers could be chosen as in the previous question.
We combine the answers to these two questions. If parent 2 reports a higher number of times reading to the child than the first parent reported for reading to the child by anyone in the household, then we update the answer by the first parent to equal the higher number given by parent 2.
The LSAC can also be used to assess whether reading to children has any effect beyond an effect on reading skills. Two obvious measures of interest include the child's language skills as measured by the Peabody Picture Vocabulary Test (PPVT) score and a composite index measuring children's learning/cognitive outcomes in each wave. The latter is one of the 10 domains of the LSAC Outcome Index with the two other domains being: physical, and social and emotional. For learning there are two sub-domains: language and literacy, and numeracy and cognition. A group of researchers associated with the LSAC has developed the LSAC Outcome Index using various child outcome measures in the LSAC (described in Sanson et al., 2005) . The Outcome Index is a composite measure to indicate how children are developing.
The components of this index change over the waves (with the children's ages), but the interpretation of the index is broadly consistent across the waves (and children's ages). In the first two waves for the B cohort the outcome measures are based on what the main carer reports.
In the third wave of the B cohort (and all waves of the K cohort) some of the measures are based on tests applied by the interviewer. In our paper we use the learning domain, which represents children's cognitive skills. The score for each domain is standardized to have a mean of 100 and a standard deviation of 10 over all children in each wave. Finally, Wave 4 of the LSAC includes the so-called NAPLAN [National Assessment Program -Literacy and Numeracy] at ages 8-9
for those children whose parents have given their consent to merge this information with the survey data. This is the result from a nationally comparable test held on the same date in all schools across Australia for all students in Year 3.
Exploring the relationship between reading to children and reading skills of the child
Examining the raw data in Table 1 shows that children who are read to on more days of the week score higher on average on the parent's assessment of reading, the teacher's or carer's assessment of reading when the child is aged 4 to 5, on the teacher's assessment when the child is aged 6 to 7 up to age 10 to 11, on the NAPLAN reading test, PPVT, on the NAPLAN numeracy test, and on the cognitive index at age 4 to 5, 6 to 7 and 8 to 9, as well as the non-cognitive index. 7 Only the Physical Health index varies to a much lesser degree with the "reading to" frequency. These patterns are observed for boys and girls, although girls score higher than boys on average across the board (except on the numeracy test).
The raw correlations are equally visible when using data on children observed in Wave 3 of the B cohort, independent of whether reading to the child at age 4 to 5 or reading to the child at age 2 to 3 are used, and independent of whether parents' scores, teachers' scores or cognitive indices are used. Figures 1 to 4 clearly show better reading outcomes and higher cognitive skills for boys and girls who have been read to more often at age 4 to 5. The graphs in Figure 1 consistently show that the lowest score is observed less often and higher scores are observed 7 The LSAC data show that parents are equally likely to read to boys as to girls (see Appendix Table A1 ).
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more often amongst children whose parents read to them more frequently. Figure 2 presents a kernel density graph of a nationally comparable reading measure for boys and girls at age 8 to 9
as observed through the NAPLAN reading test results. Again this shows a shift to higher reading scores for children who are being read to more frequently. Broadening our skill measure to cognitive skills, the top panels of Figures 3 (boys) and 4 (girls) show kernel density graphs of the cognitive index. These also show a shift to the right of the probability line with a higher frequency of reading to the child. Clearly, the probability of high learning outcomes increases for children whose parents read to them more often. Across all "reading to"
frequencies girls are more likely than boys to score high on the reading skill index and on the learning/cognitive measure.
Despite the availability of panel data, a standard panel approach is not useful given that reading to children is usually done at younger ages only (before children can read for themselves). Nevertheless in this exploration of the raw data it is useful to examine the development of reading skill and the cognitive index over time, overall and for different levels of reading to the child. Panels b and c of Figures 3 and 4 show that cognitive skills of children who have been read to more often remain high at ages 6 to 7 and 8 to 9. Furthermore, as Table 2 shows, reading skills are correlated over time, as well as with general language skills (PPVT) and cognitive skills. This consistency over time and between the various reading skill measures provides further confidence in the measures used, particularly in the index constructed from answers to questions on the child's reading ability by the parent or the teacher at age 4 to 5.
Reading scores or other skill measures that are observed closer in time to each other have higher correlation coefficients. As expected, skills that are more similar have higher correlation coefficients. For example, teacher-assessed reading skill measures are more correlated with the NAPLAN reading test score than with the NAPLAN numeracy score. The index for socio-emotional development is much less correlated with the other scores, which all measure some aspect of cognitive skill, and physical health is the least correlated. Finally, correlations are higher for skill measures observed from age 6 to 7 onwards compared to earlier skill measures. Table 1 and Figures 1 to 4 show that there is a clear association between reading to children at a young age, and the level of reading and other skills that these children develop in the following years. In the multivariate analyses, we explore whether this association is likely to be a causal effect by controlling for many personal and family characteristics that affect reading skill directly and by allowing for the potential endogeneity of the intensity with which children are being read to.
12 5 Empirical analysis
Set-up of the analysis
The recent literature on educational attainment emphasizes the significance of parental investments in human capital since childhood. It recognizes the importance of human capital investments throughout childhood on later schooling choices and outcomes (see for example, Feinstein and Symons, 1999 who use a value-added formulation from one period to the next;
Haveman and Wolfe, 1995 for a literature review; Maani and Kalb, 2007; and Sandy and Duncan, 2010 for an application).
We follow the literature in which models of children's academic performance are based on a production function (Todd and Wolpin, 2003; , where the parents are producers in the sense that parents make human capital investments in their children throughout childhood. In our paper academic performance is measured at an early age by either the level of reading skill as measured by the parent, teacher or national tests, or by the cognitive index at different ages.
We model academic performance, as measured by the level of reading or other skills as:
where is the reading skill or cognitive skill displayed by the child (representing both ability and investments or effort); represents personal talents and abilities (as for example approximated through the parents' education level); and is a vector of personal and parental resources, and environment; and is an error term which represents the effect of unobserved factors, such as motivation. In the central analysis we use as dependent variable the reading skill S of children at age 4 to 5. We assume that the reading skill of child i is a latent variable, observed imperfectly through a discrete score , which is constructed from information given by parents on a scale from 0 to 3. We assume that the reading skill S of children at age 4 to 5 depends linearly on the ability of the child , the child's resources and effort , resources of the parents and the living environment and the effort of parents in reading to their children :
where β, and are vectors of parameters, and δ represents the effect of reading to on reading skill.
We only observe
where α is a vector of parameters to be estimated together with the parameters above, in which equals −∞ and equals ∞. The parameters can be estimated using an ordered probit specification which assumes ε is normally distributed.
Variables considered for inclusion in are age of the child (Age), and the parents' education level. Variables considered for inclusion in are health status of the child (Health child), presence of special care needs of the child (Needs child), whether the child enjoys physical activity (Activity), amount of time the child watches TV on average on weekdays (Watching TV weekdays) and on weekends (Watching TV weekends), amount of time the child uses a computer on weekdays (Use computer weekdays) and on weekends (Use computer weekends). Variables considered for inclusion in are the number of children's books in the home (Books), whether another language than English is spoken to the child (Non-English), the number of televisions in the home (Television number), whether the child has access to a computer (Computer access), logarithm of total household income (log HH Income), and age of the parents (age1 and age2).
The main variable of interest in our study is the time parents spent reading to the child. Our "reading to" variable is the time during which the child was read to at home, distinguishing between three categories: less than 3 times a week, 3-5 times a week and 6-7 times a week.
Since most parents read at least once per week to their child, we combine the two lowest observed frequencies of reading to the child of 0 times and 1-2 times per week.
In order to measure the causal effect of the intensity with which children are read to, we need to account for the potential endogeneity of , since this is likely to be affected by similar unobserved factors as the reading skill of the child. We need to instrument for with variables that are strongly correlated with but uncorrelated with the unobserved heterogeneity in the reading skill of the child. In our baseline estimates we use variables that affect the time that the parent has available due to reasons exogenous to the reading skill. These variables are the number of siblings and whether or not the child is the oldest child. The intensity with which children are read to can be represented by:
where , , and are vectors of parameters, and is an error term which is potentially correlated with in equation (1).
We use three different approaches for the empirical analysis. In the first approach we estimate joint equations for reading skill (or other skills) and the amount of reading to the child, using the Full Information Maximum Likelihood method (FIML). In this approach we specify 14 the equations in line with how we observe the dependent variables. For example, we use an ordered probit specification for the amount of reading to the child and the reading assessments by the teacher, but we use a continuous specification for the NAPLAN reading test. The frequency of reading to the child is specified as an ordered probit, leading to a number of different joint model specification, which are estimated using the BIOPROBIT (Sajaia, 2008) and CMP (Roodman, 2011) commands in Stata. In the second approach, we simplify the equations by linearizing all dependent variables, and then applying a 2SLS approach using the IVREG2 command in Stata. Finally, in the third approach we use propensity score matching (command PSMATCH2 in Stata) to account for selectivity in the intensity with which children are being read to through a reweighing of the skill equation in (1) based on predicted propensity scores (Leuven and Sianesi, 2003) .
Baseline estimates
Columns (1) and (4) of Table 3 show the parameter estimates when we ignore potential endogeneity of the intensity of reading to children. In the estimation we use an ordered probit specification of the reading skill. The three top rows present the results when only a constant is included and the bottom set of rows present results with all explanatory variables included. The coefficients on the parental reading variable remain significant and of the same size after including a broad range of variables. If anything, the size of the coefficients increases slightly although significance decreases somewhat. Clearly, reading skills of children at age 4 to 5 are positively associated with the intensity of parental reading to children; although for girls only intensive parental reading to their children -6 to 7 times per week -has a significant effect, once all the explanatory variables are included. Most of the other variables do not have a significant effect on the reading skills of children with the exception of age of the child and children of non-English speaking parents (which both have a positive effect). Other variables with an effect are computer use in the weekends, which has a positive effect -for boys only -, and age of the first parent, which has a negative effect up to age 40.
As discussed before, it need not be the case that reading to children is exogenous to the reading skills of the children. It could be that there are unobserved characteristics of the children or unobserved circumstances that affect both the time read to children and the reading skills of the children thus causing a spurious correlation between the two. For example, parents who have more of a reading attitude which their children inherit may also enjoy reading to children. Or, children who enjoyed reading more because they have better reading skills may also enjoy more being read to. Columns (3) and (6) of Table 3 show parameter estimates for 15 boys and girls respectively if we allow for correlation between being read to and reading skills by estimating a bivariate ordered probit model. Clearly, the effects of observed characteristics on reading skill hardly change, with one exception: the effect of being read to. In the bivariate ordered probit there is negative correlation between reading to children and the reading skills of children through some observed characteristics. The age of the child has a positive effect on its reading skill but a negative effect on the intensity they are read to (the latter is not obvious from the observed raw data). The same holds for the age of parent 1 which increases the frequency of reading to the child up to age 40 at first after which it declines, whereas reading skill of the child declines with age of the parent at first after which it increases again just after age 40. Perhaps older parents are more keen to invest in their children, but their age may have a direct negative effect on their child's abilities. Again, after introducing a broad range of explanatory variables, the coefficients on parental reading to the child remain significant and increase slightly compared to a simple specification including only constants in each equation and the instrumental variables in the "reading to" equation.
Furthermore, conditional on the observed characteristics there is a significant negative correlation through unobserved characteristics between reading to children and the reading skills of children. This suggests that children who have better reading skills are less likely to be read to, or similarly, children with worse reading skills are more likely to be read to. If we do not account for this correlation the "treatment effect" of being read to would be underestimated.
Indeed the parameter estimates of reading intensity on reading skill increase substantially. Now, less intensive reading to girls also has a significant positive effects on the reading skill.
Columns (2) and (5) of Table 3 show that there are a couple of variables that influence the intensity with which children are being read to. The older the child the lower this intensity. The number of books at home has a positive effect, while the number of televisions as well as watching television during weekdays have negative effects. Furthermore, higher educated parents are more likely to read to their children. Finally, being the oldest child has a positive effect on the intensity of being read to while the number of siblings has a negative effect. The effect on the intensity of being read to is stronger for the oldest child variable than for the number of siblings variable. The effects of the latter two variables are in line with what one would expect: parents are likely to have more time available for the oldest child, since at least for a few years this is the only child in the household, whereas having more siblings means the parents' time available for their child needs to be shared with brothers and sisters. Apart from 16 the effect on available time to read to the child, these two latter characteristics are not expected to have a direct effect on the child's ability to read.
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Although the number of children is potentially linked to the socio-economic status of the household, where low-SES families are more likely to have a large number of children and to have children with lower skills, this does not appear to play a major role in the analysis. First, all analyzes include education of the parents and household income which combined are likely to remove most of the low SES effect. Furthermore, when we exclude families over three children, the results do not change much, indicating that the concern regarding low-SES families with many children driving the results is unlikely to be relevant. Applying an even more stringent selection (following Price, 2012) by re-estimating the models for two-child families only, relying on an indicator for the oldest child as the only instrument, the results again remain. As a final check, we include the number of siblings of the study child, six years later when the study child is aged 10 to 11. If the effect of the number of siblings on the amount of time spent reading to the child is caused by the fact that the number of siblings is an indicator of low-SES status of the family, then this new variable should be a better predictor for the amount of time spent reading since it is a better approximation of the completed family size. The difference in family size between being aged 4 to 5 and being aged 10 to 11 is particularly important when the study child is the oldest or second-oldest child. The results for this alternative specification show that the coefficient on the number of siblings becomes smaller and its significance is reduced. If we include both current number of siblings and "future" number of siblings then only the current number of siblings is significant. This indicates that it is the actual presence of other children in the household at that point in time that affects the frequency the study child is read to, and not the socioeconomic status of the family that the number of children variable may reflect.
An alternative pathway for birth order to have an effect on reading skill is through different birth outcomes. However, we find that including observed birth characteristics such as birth weight, early vs. late birth and twin (or more) birth did not change the results, and that these additional characteristics were mostly insignificant. This indicates that the effect of birth order does not work through biological differences at birth. In addition, we control for mother's age to take out any effects arising because of the age of mother at birth.
Finally, instead of reading to the child, we use other activities that the parent does together with the child, using again number of siblings and being the oldest child in the other activity equation and not in the reading skill equation. Unlike for the "reading to" variable there are no clear patterns of positive effects across specifications, and the relationship of the number of siblings and being the oldest child with these activities is much less clear than for reading.
Furthermore, often the estimated effect on reading skills is zero and negative (e.g. for playing outside) or it is small and insignificant (e.g. for involving child in everyday activities at home).
Sensitivity analysis and robustness checks
To further explore the robustness of our findings we performed a number of sensitivity analyzes and robustness checks which are reported in Tables 4 to 7 . Panel a of Table 4 replicates the main parameters of interest from the bivariate ordered probit model estimates in Table 3 .
Different instrumental variable choices and the addition of variables
Panel b of other educational activities with the child (such as going to a museum or the library) and other activities with the child (such as going to the movies or a playground)-the relevant parameter estimates for the level of reading to the child are hardly affected. Estimation results (not fully presented in this paper) show that although these other activities are also associated with reading skills (particularly the education activities and particularly for boys) and are to some extent correlated to the level of reading to your child, they do not alter the effect of reading to your child in the simple ordered probit nor in the bivariate ordered probit. This indicates that it really is the reading to a child through which the effect works and not just the amount of attention provided by the parent (despite this being important as well in its own right).
Alternative measures of reading skill
Panel c of Table 4 shows parameter estimates when we use alternative measures for the reading skills of the children. When teacher (or childcare worker) assessment at children's age 4 to 5 is used, neither for boys nor for girls is there a significant effect of reading to children on the reading skills of the children. It could be that at these ages of the child it is difficult for teachers 18 to assess the reading skills of the children. 9 This appears to be confirmed by the observation that teacher assessments at children's ages 6 to 7, 8 to 9, and 10 to 11 all show positive effects of reading to children at age 4 to 5 on their reading skills at later ages. The final reading skill score measured by teachers is a relative score by teachers of each child with regard to their reading progress compared to other children. 10 Again this confirms the persistence of positive (flow-on) effects of reading to children. Interestingly, it appears that teachers are better able than parents to assess the child's relative reading ability, since a similar score provided by parents clearly overestimates the child's relative performance on average. Only 9% of parents believe their child has below-average reading skills versus 19% of teachers, compared to 63%
of parents who think their child has above average skills versus 39% of teachers. Despite this difference, the two scores are clearly correlated.
The data also allow the inclusion of the NAPLAN reading test results for the children whose parents have provided consent for these results to be linked to the information provided in the survey. Results using Year 3 (age 8 to 9) information on the reading test are reported in the bottom row in panel c of the table. Although this results in a much smaller sample for boys and girls than the samples used in the previous specifications, the reading results are derived from a nationally administered test which makes the outcomes for the children more comparable across the sample. The results again show substantial positive effects of reading to young children.
Measures of other skills
Panel d reports the results for a few broader skills acquired by the child. The first component included in panel d, PPVT, focuses on language skills for ages 4 to 5, which shows strong positive results of reading to children. The PPVT score feeds into the cognitive index, which is a broader measure of learning skills. The cognitive skill index is measured at various ages -4 to 5, 6 to 7, 8 to 9 -and it shows very similar results over time, but the effect of being read to more frequently appears to increase as children age. Since the index used to measure cognitive skills is standardized (with mean 100 and standard deviation 10) within each age group the size of the effect is comparable across time.
The final row reports results for the non-cognitive index, which shows that although there is a correlation between reading to children and non-cognitive outcomes in the raw data, this is 9 We checked that it was not the much smaller sample when using the teacher scores that caused the lack of effect by using the same sample in the analysis with the reading skill assessed by the parent as is used by the reading skill assessed by the teacher. 10 There are five possible outcomes ranging from much below average to much above average (1-5).
19 unlikely to be due to a direct effect from reading to children. The effects are small and insignificant for boys and girls.
Restricting the sample: two-child families
Panel e in Table 4 reports the parameter estimates when we restrict the sample of analysis to two-child families only. Although unlike Price (2012), we do not have the benefit of multiple observations per family to filter out family heterogeneity completely, the sample restriction leads to a more homogenous set of families while still controlling for a broad range of other family characteristics. For boys the significance of the effects remains nearly as strong as in the baseline estimates despite a much reduced sample size, while for girls the significance reduces substantially although one of the "reading to" dummy variables is still significant at the 10% level.
Using alternative data: the Birth Cohort
The final panel in Table 4 , Panel f, shows parameter estimates when we use the other cohort in the data, the Birth Cohort. Being read to at age 4 to 5 has similar effects as the effects measured for our baseline Child Cohort in Panel a. For this younger cohort we also have information on whether the child was read to at a younger age. For boys and girls being read to at age 2 to 3 has a positive effect on their reading skills at age 4 to 5 which is similar to the results reported for the effect of being read to at age 4 to 5. 
Linearized models: OLS and 2SLS
In Table 5 we investigate the sensitivity of our main findings with respect to functional form assumptions by performing OLS and 2SLS estimates in which the intensity of being read to is included as a continuous linear variable while reading skill is also specified as a linear continuous variable. In both the OLS estimates and the 2SLS estimates the intensity with which children are being read to has positive effects on the reading skills of the children. The diagnostic tests for the 2SLS estimates are all passed except for the overidentification test for boys.
Similar results are obtained when only a dummy for being the oldest child is included as an instrument (columns 3 and 4 of the table), or when two additional variables indicating the number of other non-educational and the number of other educational activities undertaken with the child are included. In the latter case the effect of reading to children becomes slightly 11 In addition to the parameter estimates reported in Table 4 we also performed estimates in which we use an alternative "reading to" measure, i.e. the reading intensity in average number of minutes per day. This variable is not observed as frequently as our main "reading to" measure. Table 6 show that the estimated coefficients from the Birth Cohort are similar to those from the Child Cohort, but now the diagnostic tests for the 2SLS estimates are all passed for boys and girls, and for the specification based on reading to children at age 4 to 5, as well as for the specification based on reading to children at age 2 to 3.
The Propensity Score Matching approach
As a final robustness check we used propensity score matching to account for possible selectivity in the reading to children. PSMATCH2 in Stata is used to compute the matching weights. We used the kernel matching approach using only observations which are on the common support. Table 7 shows the parameter estimates for the propensity score matching approach and for comparison the table also shows the unconditional effects, which are obtained by estimating the relevant specification of equation (1) on its own. For example, for reading skill measured by the parents we estimate an ordered probit similar to what was used in Table 3 in the first columns for boys and girls to obtain the unconditional effects. The only difference is the way the "reading to" variable is specified. Instead of three categories, we now only distinguish two categories (reading on 6 to 7 days per week versus reading on fewer days). This restriction is necessary to apply the propensity score matching approach which requires the definition of a treatment group and a control group based on the potentially endogenous variable. In our case, the treatment group is defined as the children whose parents read to them on 6 to 7 days per week, whereas the control group consists of all other children.
Propensity scores are obtained for each child by predicting the probability of being in the treatment group based on the estimated coefficients of the probit specification of equation (3).
The propensity scores are then used to match children from the control group to children from the treatment group. Each child from the treatment group is matched to children from the control group who are on the common support and who have the smallest difference in 21 propensity score. Children in the control group who are closest to the child in the treatment group are assigned the highest weight, with decreasing weight for children who have a larger difference. Some children in the control group are used multiple times as a match (the weights assigned in each of the matches are added together to obtain the total weight for that observation in the control group) while others may not be used at all (they will have weight zero). Weights are also zero for observation off the common support.
Comparing summary statistics across the full sample and across the reduced sample used in the estimation applying propensity score matching weights, we find that they are the same,
indicating that the reduced sample is still representative of the same population as the full sample. For each analysis we also carry out a covariate imbalance test in the treatment and control group before and after matching (using PSTEST in Stata). In all cases we find improved balancing after the matching, with t-tests rejecting inequality of variable means after matching, while before matching inequality can often not be rejected. The pseudo of the propensity score equation is in between 0.111 and 0.136 for the analyses for boys, and between 0.105 and 0.128 for the analyses for girls in Table 7 . Several of the explanatory variables in these equations are estimated with significant coefficients.
To obtain the conditional effects, we use the weights generated by the propensity score matching approach to estimate the same equation as for the unconditional effects. That is, a weighted estimation of equation (1) on its own with a binary "reading to" variable. Conditional and unconditional estimates of the "reading to" coefficient are reported in Table 7 , together with the number of unweighted observations used in the analysis. The unconditional effects are smaller than those reported in Table 3 , since the reference group is now children who are read to 0 to 5 times per week instead of only 0 to 2 times per week. This is shown clearly in the second row of the table, where we present the effect of reading to a child 6-7 times per week compared to 0-2 times per week which is estimated on a smaller sample, leaving out the children who were read to 3-5 times per week. The coefficients are now considerably larger, although not as large as the coefficients in Table 3 .
The other coefficients in the model which are not reported here, are similar to those reported in Table 3 . Compared to the FIML results reported in Table 3 , we find that correcting for selectivity using the propensity score matching approach only changes the effect of being read to on the reading skills slightly. The conditional effect of reading to the child 6 to 7 times per week remains significant and about the same size. For both boys and girls we find that the significant positive effects of being read to on reading skills remain after applying the weights.
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Most of the other parameter estimates presented in Table 7 are also positive and significantly different from zero, particularly for girls. Most often the propensity matching score estimate is bigger than the unconditional estimate, but not by much. For the effects of being read to on cognitive skills we also find significant positive effects which decreases with age for boys and for girls. Although generally smaller, these effects are comparable to the estimation results presented in Table 4 . For example, the numeracy effect as measured through NAPLAN is positive and significant, and smaller than the reading effect measured through NAPLAN. Finally, the most important difference from the results in Table 3 is that the effects of being read to on non-cognitive skills for boys and girls remain significantly different from zero although for girls the effect is different from zero at a 10% significance level only and the effect remains smaller than the effect on the cognitive skill index. 
Interpretation of the effects of reading to children
The size of the effect of reading to children can be interpreted in a number of different ways. Table 8 presents a few examples of these to gauge the size of estimated effects. We start with the baseline results. First, comparing these to the effect of being older in age shows that compared to not reading or reading on 1-2 days per week, reading on 3-5 days per week to boys has a similar effect as being just under half a year older, whereas reading on 6-7 days per week has a similar effect as being just under one year older. For girls the effects are slightly larger relative to age than for boys, comparing to just over half a year increase in age and just over one year increase in age respectively. Using the PSM approach, much smaller effects comparable to being between 1.5 and 2.25 months older are found when we compare the effects of reading to a child to the effect of age on reading skill as measured by the parent. However, note that in this approach we are comparing children who are read to 6-7 days per week with children who are read to 0-5 days per week.
Alternatively we can compute the probability of scoring a 0 on the parental reading skill measure for the average boy if they are read to at the lowest level (87%) and if they are read to at the highest level (57%). 13 The probability of scoring the highest score of 3 is 1% and 8% respectively for boys. Similar results are obtained for girls: the probability of scoring a 0 for the average girl is 86% if they are read to at the lowest level and 43% if they are read to at the highest level, whereas the probability of scoring 3 is 1% and 13% respectively. These effects
are stronger than what is observed in the raw data where we don't allow for the endogeneity of reading to children, nor for the effects of other characteristics on reading skill.
An interesting alternative specification uses the NAPLAN reading test. Using the observed standard deviation of around 86 units for boys and girls, we can express the effects of reading to the child in terms of standard deviations. Using the FIML approach, for boys the effect is about two thirds of a standard deviation for reading 3 to 5 days per week and just over one and a half standard deviation for reading 6 to 7 days per week. For girls the effect is smaller than for boys at 0.58 a standard deviation for reading 3 to 5 days per week and 1.09 standard deviation for reading 6 to 7 days per week. These effects are larger than those observed in the raw data, whereas applying the PSM approach to control for endogeneity we obtain smaller effects than observed in the raw data. However, all effects are of a substantial size.
Finally, examining the results using the specification based on the standardized cognitive skills at age 4 to 5 more closely, boys experience just over half a standard deviation increase in the cognitive skill index when they are read to on 3 to 5 days per week, while boys who are read to on 6 to 7 days per week experience an increase of just under one standard deviation increase in the cognitive index. The estimated effects for girls are very similar, although slightly smaller than for boys as was the case with the NAPLAN reading test. Again the effects are larger than those observed in the raw data, whereas the effects estimated through the PSM approach result in smaller (but still substantial) effects than observed in the raw data. Price (2012) expresses the effects he finds for the children in his two-child families also in terms of standard deviations of difference. He finds that "if the mother increases the frequency of reading to her child by one day per week during the first ten years of the child's life, the child's reading test scores would increase by about half a standard deviation".
The above examples show substantial direct effects of reading to children on reading and cognitive skills for boys and girls, which are smaller when applying the PSM approach but remain significant under all approaches used to control for the endogeneity of reading to children. Smaller (and less significant) effects of reading to children are found for numeracy skills through the NAPLAN numeracy test. For girls, the effect is only significant at the 10%-level, and its size is a third of a standard deviation (for 3 to 5 days of reading) to two thirds of a standard deviation (for 6 to 7 days of reading). Boys experience a larger effect from 0.41 standard deviation to just over one standard deviation. Very small and insignificant direct effects of reading to the child are found for the effect on non-cognitive skills of boys and girls at 24 ages 4 to 5, 6 to 7 and 8 to 9. 14 Although reading to the child and non-cognitive skills are clearly correlated in the raw statistics, this seems less likely to be a direct causal effect than for the cognitive skills.
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Intuition would lead us to expect that skills that are closely related to the "reading to" activity would be most affected by it, while skills that are in a different domain will be less affected. Nevertheless, we would expect that all skills related to learning would improve as a result of the child being read to, given that the reading skill is such a fundamental skill in the learning process. The results reported in Table 4 and Table 7 correspond to these intuitive expectations, with closely related skills such as reading being most affected by being read to, followed by more general learning outcomes such as cognitive skills, and more distant learning skills such as numeracy skills experiencing smaller effects, while non-cognitive skills are not directly affected at all by being read to (or when using the PSM approach they are much smaller and much less significant than the effect of cognitive skills).
Conclusions
Cognitive skills of young children are an important determinant of earnings later on in life.
Cognitive skills are not fixed but can be influenced through investment in preschool training, education at school, but also through parental efforts. Previous studies have stressed the importance of early life interventions in the cognitive development of children. We contribute to this literature by showing the importance of parental reading to young children.
We find that parents can play an important role in the development of reading skills and cognitive skills of their children by reading to them at a young age. We analyze Australian data on parental investments in terms of the number of times per week they read to their children.
We find that reading to children at age 4 to 5 frequently has significant positive effects on the reading skills and cognitive skills of children at least up to an age of 10 to 11. Most likely these positive effects persist over a longer period in the life of the children. Our results are robust to a wide range of sensitivity analyses. We use a variety of reading skill measures and broader skill measures referring to cognitive skills. For boys the effect of being read to increases with age.
For girls we do not find such an effect. Nevertheless, for a wide range of skill measures we find that being read to at a young age has positive effects.
In our analysis we account for possible selectivity in parental reading to children. Estimates in which parental investments are assumed to be exogenous to the reading skill of the child may 14 Table 3 only reports the results at age 4 to 5. 15 The coefficient only remains significant for boys when using the propensity score matching approach. Using any of the other approaches and for girls, the effect disappears.
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be biased. It could be, for example, that parents who make the investment in reading to their children have children with a higher latent ability to read. We use a variety of approaches to account for potential selectivity, propensity score matching being one of them. We also apply an instrumental variable approach in which we use the number of siblings and being the oldest child as instrumental variables. Our identifying assumption is that being the oldest child and the number of siblings have effects on the intensity with which children are being read to but have no direct effect on the reading and cognitive skills of the children. We have carried out sensitivity analysis around this assumption, investigating alternative approaches which we have all rejected. It is true that although there is no genetic component to birth order, there may be biological differences since children of higher birth order have older mothers. However, conditional on the age of the mother there should be no biological differences related to birth order. Although it is not the main purpose of our paper we offer an explanation for the birth order effect that previous studies find. In these studies, skills of individuals are measured later on in life when the effects of the parental investments in early childhood materialize. First-born children receive more attention from their parents than later-born children because parents distribute their time equally over their children. In the initial years of their life first-born children are the sole focus of attention from their parents. Second-born children always have to share their parents with the first-born.
Although we cannot directly test our identifying assumption, there is strong supporting evidence of the causal nature of the effects of being read to on the development of reading and cognitive skills. Skills that are closely related to the "reading to" activity should be most affected by it, while skills that are in a different domain will be less affected. This is indeed what we find. The effect on reading and other cognitive skills is clearly present and remains when accounting for the endogeneity of reading to children while the effect on non-cognitive skills disappears when accounting for this endogeneity. In our view, these results combined strongly suggest a causal effect of parental reading to the child on child outcomes.
The size of the effects of parental reading to children on the reading and other cognitive skills of their children is substantial. As indicated before, comparing it to the effect of being older in age, reading on 3-5 days per week to boys has a similar effect as being just under half a year older, whereas reading on 6-7 days per week has a similar effect as being just under one year older. For girls the effects are slightly larger relative to age than for boys, comparing to just over half a year increase in age and just over one year increase in age respectively. In terms of standardized cognitive skills at age 4 to 5, boys experience just over half a standard deviation increase in the cognitive skill index when they are read to on 3 to 5 days per week, while boys 26 who are read to on 6 to 7 days per week experience an increase of just under one standard deviation increase in the cognitive index. The estimated effects for girls are very similar.
What are the implications of our findings? Our main finding is that it is important that young children are being read to. This is an early-life intervention that seems to be beneficial for the rest of their lives. We show that there is an important role for parents in the educational performance of their children. The evidence strongly suggests that parental reading to children gives them a head-start in life. An interesting further question, which we cannot answer with our data, is whether reading to children at a childcare center or at school has similar effects. LSAC is the first-ever comprehensive, national Australian dataset on children as they grow up. 16 The B and K cohort data provide information on various children's characteristics including characteristics that can be traced back to pregnancy and childbirth (also for the K cohort); children's physical, social, cognitive and emotional development; parents' demographic and labor market characteristics; and other information such as childcare use, time use, activities undertaken with the parents and home environment. Appendix Table A1 and the descriptive analysis in section 4 describes a number of these children's and parents' characteristics, and the key variables of interest; that is, reading skill and reading to children. Table A1 presents definitions of the variables used as well as mean values for the sample used in the baseline estimation for boys and girls separately. The mean values are mostly similar for boys and girls, with girls being only slightly less likely to be the oldest child and having more siblings. The largest difference between boys and girls is that girls are scored more highly on their reading skills by their parents.
As we seek to assess the early reading skills of children, our analysis focuses on the sample comprising families from the Child Cohort. The central analysis uses the first wave of the K cohort data collected at the children's age of 4-5, with the three later waves collected at the age of 6-7 (Wave 2), age of 8-9 (Wave 3) and age 10-11 (Wave 4) used in robustness analyzes, 30 dataset used here is that there are two cohorts of children who are followed over time. The B cohort in Wave 3 is the same age as the K cohort in Wave 1 and by that time there are still 4386 children left in the sample. Although we do not have the exact same variables, they are the same to a large extent. In both cohorts, the average number of days per week that an adult living in the household reads to the child is recorded, so this variable can be used to repeat the analysis for this group of children and also to compare it to the effect of reading to children at the earlier age of 2-3. Reading to age 2 to 3 0.84 (6.1)** 1.46 (6.1)** -0.56 ** 1907 0.48 (2.7)** 1.04 (3.1)** -0.41 ** 1854 Reading to age 4 to 5 0.81 (4.8)** 1.59 (5.4)** -0.53 ** 1763 0.54 (3.2)** 1.04 (3.4)** -0.24 * 1678
Note: The cognitive skills, non-cognitive skills and PPVT parameter estimates should be multiplied by 10, and the NAPLAN reading parameter estimates should be multiplied by 100; see also footnote Table 3 . c. Skills at age 8 to 9
